Chronic exposure to insufficient levels of magnesium (Mg) in drinking water increases the risk of magnesium deficiency and its association with hypertension, dyslipidemia and type 2 diabetes mellitus. The aim of the study was to assess the potential association of mineral contents in drinking water with blood pressure and other components of metabolic syndrome (MetS) (BMI as measure of obesity, triglycerides, glucose, and insulin resistance, index-HOMA IR), in a healthy population. This study was conducted in three randomly selected municipalities (Pozarevac, Grocka and Banovci), and recruited 90 healthy blood donors, aged 20-50 years. The Pozarevac area had a four times higher mean Mg level in drinking water (42 mg L À1 ) than Grocka (11 mg L À1 ). Diastolic blood pressure was lowest in subjects from Pozarevac. Serum Mg (sMg) was highest, and serum Ca 2þ /Mg (sCa/Mg) lowest in subjects from Pozarevac, and after adjustment for confounders (age, gender, BMI), only total cholesterol and sMg levels were independent predictors of diastolic blood pressure, sMg levels were independent predictors of triglycerides, and sCa/Mg predicted glucose levels. These results suggest that Mg supplementation in areas of lower magnesium levels in drinking water may be an important measure in the prevention of hypertension and MetS in general.
INTRODUCTION
Magnesium is an essential element that has numerous biological functions in the cardiovascular system. At the subcellular level, Mg regulates contractile proteins, modulates transmembrane transport of Ca, Na and K, and acts as an essential cofactor in the activation of ATPase, which controls the metabolic regulation of energy-dependent cytoplasmic and mitochondrial pathways (Altura & Altura ; Cowan ) .
Magnesium serves as a co-factor for enzymes involved in a variety of physiological processes including lipid metabolism and it has recently been shown that increased magnesium intake may be associated with reduced risk of developing the metabolic syndrome (He et al. ) . The favorable effect of increased magnesium intake on type 2 diabetes and risk of diabetes has been attributed to an effect of magnesium on insulin sensitivity (Kao et al. ; McCarty ).
The hardness of ground water, defined by concentrations of Ca and Mg, is different in various parts of Serbia. Until now, no research has been conducted into the relation between drinking water quality and the presence of hypertension, MetS, and CVD. Dietary Mg intake as a supplement, including in fortified foods and bottled water, is marginal and in a whole population a small alteration in Mg intake may increase deficiency. Unfortunately, the real dietary intakes of calcium and magnesium from both food and water sources in Serbia is unknown. It has been estimated that drinking-water can contribute to 40-100 mg of Mg per day (Marier ) , up to 30% of the estimated average requirement for adults. Magnesium deficiency in the body is reflected by a decrease in serum magnesium (sMg) levels, and sMg has been considered as the first indicator of magnesium deficiency (Dunn & Walser ) .
Although most epidemiological and experimental
studies support the role of low magnesium in the pathophysiology of hypertension and metabolic disarrangement, data from clinical studies have been less convincing. The present study attempts to elucidate the role of magnesium in the regulation of blood pressure and discusses the implications of magnesium in some components of MetS in a healthy young to middle-aged population in three municipalities of Serbia.
MATERIAL AND METHODS

Study design
The study was a randomized, cross-sectional, epidemiological, with three groups of subjects, 90 healthy blood donors, aged 18-52 years (mean 34.57 ± 10.56), 30 from each of the three municipalities in Serbia (Banovci, Grocka and Pozarevac). One of the municipalities, Pozarevac, was characterized by hard water, and the other two by softer water, particularly Grocka. The present study was designed to determine whether a relationship exists between water hardness and blood pressure in healthy people, and to evaluate potential mechanisms leading to hypertension. Descriptions of hardness correspond roughly with ranges of mineral concentrations.
Descriptions
Subjects
Subjects were recruited by referrals from primary care physicians. They were evaluated and recruited by physicians of the Institute of Blood Transfusion in Belgrade. A complete history and physical examination were performed. Heights and weights of participants were measured in centimeters and kilograms and body mass index, (BMI, kg m À2 ) was calculated. Participants were asked about the main source of water they use for drinking.
Blood pressure
Blood pressure was recorded by standard mercury sphygmomanometer, before the blood samples were taken.
Two separate recordings were made after 5 min of supine rest. The blood pressure, systolic, diastolic and mean arterial pressure, was reported as the average of these recordings.
Blood samples
Blood samples were taken after overnight fasting for at least 8 h to measure serum concentrations of Mg, Ca, Na, K, P, creatinine, glucose, lipids, insulin, red blood cells, white blood cells, platelets, and haematocrite values.
Laboratory tests
The analyses were performed at the Biochemical laboratory 
RESULTS
All participants use water from public water supply system as the main source of drinking water consumption. The total hardness of water, defined as the sum of Ca and Mg, the levels of Ca and Mg separately, as well as the ratio of Ca/Mg, of three municipalities is presented in Table 1 . The water from the water supply from Pozarevac municipality had the highest degree of hardness. The median content of Ca in this water supply system was 99.79 mg L À1 , almost twice than of the water supply system from Grocka, or Banovci. The median content of Mg in the water supply from Pozarevac was significantly higher, and the ratio of Ca/Mg was significantly lower than the level in the water supply from Grocka. The median content of Mg in the water supply system did not differ between Pozarevac and Banovci, and neither did the ratio of Ca/Mg (Table 1) .
There were no significant differences between groups of subjects according to the age, gender, or nutritional status.
The subjects were not obese (BMI < 30 kg m À2 ). The mean systolic blood pressure did not differ between groups.
There were significant differences between groups for diastolic blood pressure; it was the lowest in subjects from
Pozarevac (Table 2 ).
There were no differences between groups for mean level of sCa 2þ . The mean sMg was the highest in the group from Pozarevac, and the ratio sCa 2þ /Mg was the lowest in the serum of the same subjects ( Table 2 ). The mean value of serum triglycerides, as well as creatinine, was the lowest in the subjects from Pozarevac (Table 2 ). There were no differences between three groups for serum glucose, insulin, HOMA IR and HOMA Beta. Table 3 shows the Pearson's correlation between all clinical and laboratory data of subjects from three geographic areas. We observed an inverse association between diastolic blood pressure and mean levels of serum Mg. Diastolic blood pressure directly correlated with the ratio of serum Ca 2þ /Mg, total cholesterol, triglycerides, and creatinine (Table 3 ). There was negative correlation between serum triglycerides and sMg. Glucose level positively correlated with sMg, but the other parameters of insulin resistance or obesity (insulin level, HOMA IR, BMI) did not significantly correlate with sMg levels.
HOMA Beta, the parameter of beta-cell function, also did not correlate with sMg levels (Table 3) .
To determine independent predictors of diastolic blood pressure in healthy blood donors we examined the regression of all predictors using a stepwise multivariate linear regression process, and 23% of the variation in diastolic blood pressure was explained by the sMg and cholesterol levels, after adjustment for age, gender, BMI, the ratio of sCa 2þ /Mg, Na, and triglycerides (Table 4 ).
About 20% of the variation in serum triglycerides, could be explained by sMg levels, together with BMI, and after adjustment for age, and gender (Table 5 ). Eighteen percent Adjusted for gender, BMI, triglycerides, Ca/Mg ratio, R 2 ¼ 23%. Adjusted for age and gender, R 2 ¼ 20%. of serum ratio Ca 2þ /Mg, lower level of serum Na, and the lowest level of diastolic blood pressure.
Systolic blood pressure did not differ between the groups. There was a difference for the ratio of serum Ca 2þ /Mg between the subjects from the hardest drinking water, Pozarevac, and the softest drinking water, Grocka.
Our data are in agreement with the findings of human Mg balance studies, which indicated that mild to moderate deficits in Mg intake increase intracellular ionized Ca with increased release of pro-inflammatory peptides, enhancement of oxidative stress and increased vascular tone (Kramer et al. ) . As food is the major source of magnesium and calcium intake, the main limitation of our study is the lack of individual data on dietary and water intake. However, we assumed that the dietary habits of participants did not differ between the investigated areas. () compiled magnesium balance data from 20 controlled feeding studies and concluded that large numbers of people consume the levels of magnesium and calcium that are insufficient to support even the most conservative estimates of their physiological needs. It is also possible that if the beneficial effect associated with drinking water minerals is indeed confirmed, that could be due to other essential elements present at low but important concentrations in the drinking-water, rather than to calcium and magnesium. The strongest correlation was confirmed between vanadium and magnesium (Powell et al. ) .
In conclusion, the data from clinical trials of magnesium therapy in hypertension have been disappointing. However, increasing evidence indicates that low magnesium intake may play a pathophysiological role in the development of hypertension. Therefore, there is a need for more suitable analytical epidemiological studies that have wider objectives (Calderon & Hunter ) . Our study results demonstrate that areas with hard drinking water and adequate supply of Mg from drinking water may prevent hypertension, and participate in maintaining normal triglyceride levels in healthy adults.
